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INTRODUCTION 


In this information circular is presented a summary of the more important 
articles that have appeared in the literature pertaining to the experimental 
Work and to tne commercial operation of the froth-flotation and Trent processes 
28 applied to the cleaning of fine coal, 


i The Bureau of Mines will welcome the reprinting of this paper, provided the 
following footnote acknowledgment is used: "Reprinted from U. S. Bureau 
of Mines Information Circular 6714." . 

> Acting supervising engineer, Northwest Experiment Station, U. S. Bureau of 
Mines, Seattle, Wash. 

3 Research fellow, University of Wasnington. 
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The chief utility of these processes from the standpoint of present 
washery practice lies in the treatment of the fine coal normally present 
in the feed and of that produced by degradation during the washing oper- 
ation, Such treatment may be applied most advantageously to the sludge 
and slime or to the fine coal removed from the feed before treatment, The 
coal subjected to these processes must be of fine size; for the Trent pro- 
cess through 65 mesh or finer, and for the froth-flotation process through 
1/10 inch; therefore, these processes can not compete with present washing 
machines, except where the coal is originally fine or where exceptionally 
fine crushing is required to break the coal and refuse apart. Crushed 
middlings would fall in this class. Application may be made where the fines 
in @ coal are high in ash or where a high-ash erates results from the dis- 
integration of clay during wet washing.: | 


FROTH-FLOTATION PROCESS 


The importance of froth flotation in Europe as a means of cleaning coal 
is shown by the tonnage treated. As early as 1925 about a million tons of 
coal were treated by this process.* Table 1 gives the amounts treated in 
the various European countries for the year 1925, 


Table 1.- Coal flotation in Burope for the year 
1925, recorded by Berthelot 


Tons 

| | | (metric) 
PNSIANG 6530s eesti evweeaeewseeeen: -210,000 
GETMANY cerccscccccerecevcevcces 260,000 
SOALN 4a.66s0 wd stun wis oh ea eae es 200 ,000 
HOLLANG | -csees eeiewn ete www se 100 ,000 
BELGAUM oss o3-s0545 ob-0 56 sae Sores: 80,000 
Tobal cecccrscccccssseseseces 915,000 


In the boom year of 1927, 932,036 tons of coal were treated by froth 
flotation in Great Britain. Since that time, the tonnage treated has de 
clined. Table 2 shows recent coal cleaning figures for Great Britain. The 
total amount of coal that was cleaned since 1927 has increased steadily, 
while tne coal cleaned by froth flotation decreased until 1930; in that year, 
the amount of coal cleaned by flotation was almost twice the amount for 1929, 
which seems to indicate a comeback for the process in the British Isles, 


4 Berthelot, C., Washing of Coal ” Flotation: Chim. et Ind., Special numbel 
May, 1927, pp. 334-353, 
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Table <.- Quantity of salable coal cleaned in, 
Great_Britain, 1927-1930 (long tons yi 


Method 1930 
wet washed ..... | 49,053,761 | 57,363,146 | 65,944,925 | 66,285,326 
Dry cleaned .... | 1,454,291 | 2,773,685 | 5,323,194 | 6,305,438 
Froth flotation, 932,036 189,057 §3,077 123,882 

Total .... 60,526,088 171,333,196 | 72,714,646 
1/ Annual reports of the Secretary for Mines, Great Britain, 


Principle of tne Process 


The froth-flotation process has been used successfully for ore concentra- 
ion for years, Applied to coal, the process, briefly described, involves the 
gitation of raw coal (all sizes up to 1/10 inch) with three to ten times its 
eight of water and a small quantity: of suitable reagents (0.5 to 2.0 pounds 
er ton of raw coal). The reagent with air and water forms bubbles that. 
selectively attach themselves to the coal particles. The coal particles are 
yuoyed up and float at the surface, where they may be removed, While most of 
ihe refuse material is wetted and: remains behind. 


Barly Tavestieatione 


Some of the earliest investigative work on coal flotation of which the 
‘esults have been published was conducted by Bacon and Hamor~ at the Mellon 
stitute of Industrial Research, Pittsburgh, Pa. These investigators found 
‘hat the process could be used successfully for cleaning fine coal and pre- 
iicted an important role for the process-in the future. They discovered that 
' crushing rather than a rubbing or rolling action was to be desired whenever 
.t was necessary to reduce the size of the raw coal to be treated. 


As a result of a series of studies of the froth-flotation process made 
n 1920-1922 by the Bureau of Mines at its Northwest Experiment Station, 
jeattle, Wash., in cooperation with the University of Washington, and reported 
y Ralston and Yamada,° the following conclusions were reached: 


1. Tests on a bony coking coal from the Wilkeson mine, at 
Wilkeson, Wash., have stown that the.cleanest coal can be floated 
first, the bony coal next, and the ash last by mecca) froth 
flotation. , 


») Bacon, R. F., and fener, 7 A., Problems in: tne Utilization of Fuels: Jour. 
Soc. Chem. Ind., vol. 38, 1919, p. 163. 
} Ralston, O, C., and Yamada, G., Froth-Flotation Tests of Bituminous Coking 
Coal: Chem. and Met. Img., vol..26, 1922, pp. 1081-1086. 
Ralston, O. C., and Wickmann, A. P., The Froth Flotation of weet Chen, 
and Met. Eng., vol. 26, 1922, pp. 500-503. 
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2. Very tauir oils or soluole-frothing agents work best. 


3. The fine sizes of coal float toe most easily, and the 
coal in the very fine sliue will float to some extent witaout 
the use of any flotation oil whatever, 


4. Owing to the tendenc; of fine sizes to float so easily, 
they are propebly "overoiled" ard produce dirty concentrate 
when enough oil is added to float the coarser sizes. Screen 
analyses of the flotation concentrate snow increasing percent- 
ages of ash in tre finer sizes. 


So. To take cue advantage of the above facts it is necessary 
to use @ flow sheet in which roughing treetment is followed by 
Cleaning of botn concentrate and tailing from the rougning cell, 
discarding as teiling the material waoich will not float in any 
of the re-treating cells. Re-treatment of middling with original 
feed is not cesirable excevt for the middling obtained in clean- 
ing tue rough concentrate, 


6. By this method of treatment a clean concentrate can be 
obtained, the bony portion of the coal forms a middling Which may 
Lave @ market velue, and the tailing is too low in coal to be of - 
any value, 


Harly British investigators” describe the operation of a small 8cell 
froth-flotation unit that operated successfully at the Skinningrove Iron Co. 
in England. Starting with raw coking coal having an ash content of. 10 to 16 
per cent, three products were :produced; a high-grade coking coal containing 
& to 4 per cent ash, a steam coal containing 10 to 20 per cent ash, and a re- 
fuse product containing 70 to 80 per cent ash content. The coking coal when 
carbonized gave a super product, a porous but strong coke very economical to 
use in a blast furnace. according to these authors, the cost of running this 
flotation unit was practically tie same as that for a jig-washing process. 
It was also predicted tnat the flotation process would be applicable only 
when the original coal is fine or when crushing is part of the normal treat- 
ment - that 1s, for coking, gas making, briquetting, coal-dust firing, 
colloidal fuel, and other similar uses. British investigators claim that tke 
facility with which the various grades of coat are separated is the most 
striking feature of the process. 


7 Bury, E., Broadbridge, W., and Hutcninson, A., Froth Flotation as Applied 
to the Washing of Industrial Coal: Trans. Inst. Min. Eng., vol. 60, 
1920- ee pp. 243-253, 

Bury, A. F., and Bicknell, A., Purification of Coal by Froth Flotation: 
Coll. Guard., vol. 121, 1921, p. 337. — 
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A description of an early experimental flotation plant and results ob- 
ined at Aberman, England, under a joint agreement between ‘tinerals 
varation (Ltd.) and the Povell-Buffrvn Co., gives the flow sheet used for 
cating a variety of rew materials, Runs were made vith fines from run-of- 
ne coking coal, steam-coal waste, and washery silt. The enuipment of this 
osrimental plant consisted of a crusiing unit, a vibrating screer, a flota- 
on machine, and an Oliver continuous-vacuum filter, with the necessary con- 
ying machinery. The feed, crushed to pass 6 mesh, was passed by a chute to 
small bin at the head of tne flctation plant. <A 9-box flotation machine was 
ed. The feed was introduced with a suitable amount of water into the No. l 
itation box by a screw conveyor. Because tie »resence of shale slime im- 
ied the action of the Oliver filter and increased the ash content of the 
covered coal, the froth produced in the first five boxes was re-treated in 
eiast four. The flotation reagents vere generally added in the first box. 
a rule, 1 to 1-1/2 pounds of cresylic acid was required for each ton of 
w feed. A by-product gas-scrubbing effluent was used as the frothing agent, 
iminating most of the cost of rearents. The clean coal fell over the lip of 
e frothing boxes into the tank of the Oliver filter. It was picked up by the 
sm and dewatcred to about 10 per cent moisture, discharged onto a belt con- 
yor, and lor ied into trucks. The waste materiel passed out of the machine 
amas conveyed to the waste dump by a launder. Water from tne filter could 
Teused, but that containing the refuse required clarification. The raw 
ste treated contained 50.4 per cent of ash and the recovered coal 13.1 per 
at of ash. The yield of recovered coal was 37 per cent. The ash in the re- 
vered coal ecculd be reduced to 7.6 or 9.4 per cent if the yield were reduced 
‘17 or 27 per cent, respect tively.’ 


Jones? has given a thorough discussion and presented the results of tests 
tie froth flotation of coal and the problems encountered. He points out 
{ small peerticles float more readily than large particles, so-that a cer- 
-Lanount of overlapping is bound to occur, but this interferes to a limited 
ot practical) extent ‘when several products are made, Tyvouble with pyrite go- 
2 with coal is admitted. Fusain (cuarcoal) may be removed, if present in 
ee amounts, by adding a protective colloid such as ees cr glue to 

& flotation pulp. Jones recommends the treatrient of minus 1/2 or 1/4 inch 
ed in the flotation machine. Only the clean fine ccal of flotation size 
sats. The tailing is passed over a screen with 1/12-inch openings and the 
arse coal is recovered by tabling; fine screening of the feed is thereby 
wiinated,. . 


In addition to the usual methods cf dewatering, such as gravity drainage 
‘n admixture of coarse coal and the use of continuous filters, Jones gives 
‘method, adapted from the briquetting process, which is novel. ‘ater is dis~ 
2c4q from the coal surfcces by oil, due to preferential wetting. One to two 
T cent of tar or tar oil (basis dry coal) is added and the mixture of floated 
al, tabled coal, and water (usually 50 per cent vater) is heated to 200° F. 
live steam. The coal flocculates and is separated from the water on a coco- 
> draining belt. It may be further cewatered by passing throvgh a briquet 
"8s or by other pressure or suction nethods.. In 1925 the process was employed 
2 large scale in the north of England and was giving satisfactory results. _ 
“oes, F. B., The Froth Flotation of Cosl: Proc. South Wales Inst. ing., 
Vol. 37, 1921, p. 331; Abstract in Coll. Cuard., vol. 122, 1921, p. 1002, 
‘neg, F, B., The Froth Flotation of Coal: Jour. Chem. Met. and Min. Soc. 
South Africa, vol. 26, 1925, pp. 125-138. | 
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Eritish Plants 


After the successful work of Bury, Broadbridge, and Hutchinson in Great 
“ritain, many plants were erected both in imgland and on the continent. Some 
of the flotation plants that began successful oreration in Great Britain are 
as follows: The Powell-Duffryn Co. in the Alverdare Valley; the Skinningrove 
Iron Co. in Vales; the Ashington Coal Co. in Durham; and the Oughterside 
Colliery in Cumberland, 


the froth-flotation plant with a caracity of 25 tons per hour for the 
preparation of coking coal from raw screenings passing 1-1/2-inch round-hole 
screen, in operation at the Oushterside colliery, Cumberland, EnglanaLO wa 
described in 1924, The cost of crushing the coal to flotation size (1/10 
inch) was found to be too high, so that it was crushed only to 1/4 inch, and 
a Plat-0 table is used to recover the coal which is too coarse to be floated 
from the flotation refuse. The feed was screened at 1/4 inch with a Hummer 
vibrating screen and fed to the first box of the machine, which consisted of 
two mixing boxes and eight agitation and froth boxes. Water amounting to three 
end one-half tines tne weight of coal was added to the mixing box; and the 
reagents, comprising e mixture of refined cresylic acid (0.77 pound per ton of 
coal), the aerating agent, and petroleum-gas oil (0.37 pound per ton of coal), 
which gives the froth stability, were added later as required. The quality of 
tne washed product was controlled by the amount of cresylic acid and gas oil 
thet was added as reagents. The froth contained 50 per cent of water and was 
dewatered to about 18 ner. cent by means of an 8 by 8 foot Oliver continuous 
filter at the rate of 26 to 28 tons per hour. The filter tank was fed by 
“ravity from the flotation machine. Brass-wire 36-mesh cloth was used as a 
filtering medium. A continuous centrifugal drier was first installed to dewater 
toe froth but failed entirely on account of the high proportion of fine ma- 
terial present. The discards from the eighth cell vere put onto a 20-mesh 
jigging screen 6 feet long by 3 feet wide. lHonel metal screens were preferred 
to steel screens because of the rapid corrosion of steel. The undersize from 
the 2<0-mesh screen was discarded as waste while the oversize was sprayed before 
leaving the screen and discharged onto a Plat-0O coal-washing table which had a 
capacity of 10 tons per hour. The amount of water required on the table was 
2-1/2 times the weight of the coal treated. The coal from the table was 
divided into three products; a coking coal, a firing coal, and a refuse product. 
The coking coal from the table was then intimately mixed vith the flotation 
concentrate and sent to the coke plant. 


Table 3 gives a comprehensive set of results showing the distribution of 
the froth products for the first seven cells of the flotation machine at this 
plant. In addition to the results shown in Table 3, the authors state that a 
reduction of the phosphorus content of the coal from 0.040 to 0.0067 per cent 
took place in the flotation machine. The total froth had an average ash con— 
tent of 5.3 per cent. The ash and sulphur contents, as well as the average 
size of the coal particie in the froth, increased very noticeably from the 
-irst to the last cells. 


1. Secular, J. G., and »unglinson, B., The ‘lashing of Fine Coal by the Froth 
Flotation and Concentrating-Table Processes at Oughterside Colliery, 
Cumberland: Trans. Inst. !fin. mung., vol. 67, 1924, pp. 374-379, Ab- 
stracted in Coll. Guard., vol. 127, 1924, pp. 1061 and 1122; Gas Yorld, 
vol, 80, 1924, coking section, pp. 53-57; Min. Mag., vole 30, 1924, 
pe 379. 
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Average results for the operataen of ti.is : pleut for &@ month are show 
in Table 4, " 


Table 4.- Average resvlts of froth-flotation plant at 
Cumberland, xyngland, according to Sc gular 
ana Dun-linson, per cent 


| Sink in 1.6 
Product | ASI f cific p specific ¢ 


RAW COON. gaawces steers eves 
Flotation coal, filter .... 
Coking coel from tebie .... 
Boiler coal from teble .... 
Refuse from 20-mesn screen, 
Refuse from table .....seee 


On the basis of noisture-free coal the everage yields are as follows: 70.‘ 
per cent of coking coal containing 5.25 per cent of ash,.7 ver cent of boiler 
coal containing 14.66 per cent of ash, and 22.6 per cent of refuse containing 
75.5 per cent of ash, As tne coking coal recovered by flotation contained 5.2 
per cent of asn and that from the table 5 per cent of ash and the mixture of 
the two contained 5.25 per cent of ash, ‘it may be calculated that 83.4 per cex! 
or the coking coal was furnished by flotation and 16.7 per cent oy the table. 
It is pointed out that a slignt disadvantage of the flotation process is' tie 
tendency of pyrite to float if the aeration is too strong and that this is 
likely to happen in the last few boxes of tiie macuins when extra. reagent is 
added to lift the coel of poorer quality. It was found that the froth from 
the last two or three boxes, when screened at = mers gave an undersize that 
was mainly pyrite. 


The capital and ee ooee costs of this plant for the year 1924 were as 
follows: 
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| Pounds Us. Se 
Capital cost of main items: sterling dollarsil 
Minerals Separation flotation machine ........ 3,500 17,033. 
Oliver filter, including all pumps, air com- : 
DFESSOT, OFC. cave aagpeccserccveveeececcsves 1,500 7,300. 
Hum-mer screen, with generator co... sseeeveee 600 2,920 


Total capital cost wse.sescecccsccceceses 5,600 27,233 
Operating costs: 

(1) Crushing: The cost of crusning is practically the same as if. 
the coal were washed in a jig washery and crushed after wash- 
ing for coking, 

(2) Screening, washing, drying, and disposal of products. 


Fer ton, Per ton, 


., pence cents 
(a) Labor: Three men and one youth with | 
a charge hand who works in conjunc- , 
Ae with the PERONEUOTY iGtaseaeey:. eeOo 5,24 
(b) Reeeentes | 
Cresylic acid, 0.77 pound Cwewe* eet? - §,59 
Gas o11, 0.37 vound ....,.cceeee mrt 047 
(c) Repairs, renewals, stores .........-6 71 1.44 
Total operating cost desea aemoene 5.29 | 10.74 


Ire royalty charged by the. Mineral Separation Co. amounted to 33 pence or TEL 
cents per ton, Forty-five, horsepower was required to drive the flotation ma- 
ccine; this was higher than would be necessary if all the feed under the 1/10-. 
inch size were treated. Only about half the quantity of cresylic acid. given 
vould be needed at this size. The filter required 45 bp. and tne concentrat- 
ing table, screens, etc., 4 hp.. The water required for the whole plant was 
<00 gallons a minute, | 

The coke manufactured was an excellent blast-furnace fuel and commanded a 
cremlum on the market, besides being salable when the demand is slack. The 
average analysis showed 91.8 per cent of fixed carbon and 7.7 per cent of ash. 
The coke was harder than that formerly produced, and less breeze was. made. 
‘oppers standard regenerative-type oyens were.used. The by-product yield of 
emonium sulphate and tar increased wnile the production of benzol decreased. 


ll Exchange at par value, 
$10 See ee 


Google 


I.C. 6714 


Another interesting Britis: plant tr : nas operated successfully with a 
Eaum washer has been described by Guider. In this plant, operated by the 
Clifton & Kersley Coal Co. (Ltd.), a dry 24-incn slack was screened on a }- 
inch screen, the oversize being treated in a separate jig washer from the 
undersize material. Tne Baum washer treating toe minus 4-inch coal, although 
reacving most of the refuse material, permitted the finely suspended dirt to 
go over witn the wasned coal, The dirty suspension, as well as the fine coal, 
was removed from the minus $-inch wasned coal on a 0.5-mm., wedge-wire, fixed 
screen, set at an angle of 30° from the horizontal. The 24 to 4 inch washed 
coal from the otner washer was dewatered and sized in a trommel screen. fhe 
sludge that accumulated from both the coarse and the fine dewatering screens 
vent to a sump, from which point it was pumped to a settling tank. The sludge 
from this settling tank, containing 25.6 per cent solids, was the feed for the 
flotation machine. A sizing test and float-and-sink analysis of the sludge is 
shown in Table 5. 


Tre flotation machine, a 6-cell Minerals Separation type, had a capacity 
of 25 tons per hour. The froth produced by the machine was scraped off by 
paddle wheels and fwll: into a trough that deliverwiit directly to the minus 

+-inch jig-washed coal contained in a draining-band bucket conveyor. The 
coal was tnen ready for either storage or shipment. 


Table 6 snows a size and a float-and-sink analysis of the froth and 
tailing products. 


The material over 1/10 inch was taken out of the tailing by means of a 
wedge-wire screen and returned to the fine-coal jig. Tne froth product, 
wnile considerably improved in quality, still contained some fine clay, pro- 
bably due to tae fact tnat a considerable amount of suspended clay comes over 
with the wet coal frou the flotation machine, 


Table 5,.- Screen and specific-gravity analyses of tne feed 
at a British flotation plant, according to Guider 


Float in 1,35 1.35 to 1.60 Sink in 1.60 
Size, specific gravity, |specific gravity, | specific gravity, 
inches ce ent per cent 

Flus 1/4 ..... 1.8 1.6 0.2 a 
1/4 to 1/10. F 8.2 6.6 1.2. | 0.4 
1/10 to 1/20. 8.7 6.7 1.3 : 7 
Minus 1/20 .. 81.3 46.3 | 18.7 16.3 
Total ..j| 100.0 21.2 17.4 


13 Guider, W., Froth Flotation Apolied to a Baum Washer: Jour. Soc. Chen. 
- Ind., Trans., vol. 46, 1927, pp. 238-242. 
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Table 6.- Screen and specific-pgravity analyses of tne flota- 
tion preiucts at a Eritish plant, according to Guider 


FROTH 


Float in 1,35 1.35 to 1.60 Sink in 1.60 


.§ize, Weight, {specific gravity, {specific gravity, | specific gravity, 
inches per cent per cent 
lus 1;20 ... |.’ 5.0: eS 
[20 to 1/60 | 38.0 0.5 
‘inus 1/60., 57.0 . 5.0 
Total.. 100.0 | 75.0 19.8 5.5 
TAILING ce 
‘lus 1/10 .. 1.0 0.3 0.3 
[10 to 1/20 1.4 1.4 1.4 
linus 1/20... 3.4 7S g2.9 
Total. . 84.6 


The reagent utilized at this plant was a rather crude quality of creosote 
il, After trying several types of reagents, it was found that a chean grade 
if creosote oil (1.7 pound per ton) gave vetter and more economical results 
‘nan otner more expensive reagents such as cresylic acid. The cost of 
erating the flotation plant per ton of coal was as follows: 


Pence cont e128 


Interest on capital (5 per cent) ....... 5.60 11.58 
Depreciation (7 per cent) ceccccecuvcace 7.84 15.50 
ROVOQL UY 26 6itedates 4. 0cco aes orae SN eee eee eae 4.00 8.12 
POWOD. o:oai5 wisieecesenesb ene thw a: ereie were wae we wees 5.84 7.80 
Wages (one man) ...ccccccccccccsccvecece 1685 8.76 
ROOLONUG:. 4560s oe setiiaw sews e ese ee ewes 1.090 5.04 


Total ee@enoeeeeveeeeeeeeeeoeeteeeesveesees@ 24.635 50.00 


Tne increased cost per ton of total slack (through $ inch) was stated to 
6.1 pence or 12.4 cents as result of the installation of tne flotation 
lant; but the ash content of the washed slack was reduced from 10.0 per cent 
‘06.0 per cent by the change. Tne aigh ash content of the jig product was 
tie to the fact that the raw coal contained a large amount of shale that 
taslly disintegrated to a finely divided clay that went over with tne jig- 
‘asned coal because the Baum washer is unable to separate sucn fine dirt from 
‘ine coal. Froth-flotation removed most of tne clay suspension without a 
large loss of fine coal. ‘The loss of coal in the flotation tailing amounted 
‘0 only O.1 per cent of the total slack (through 4 inch) fed to the washer. 


lca Exchange at par value. 
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Guider considers the major disadvantage of tke flotation system to be 
nue fact that the coel froth retains such a large amount of moisture. Water 
remains with the fine coal so tenaciously that even after mixing with the 
coarser through 34-inch coal and draining for a period of 30 minutes, the 
mixture has a moisture content of 18 per cent. 


Froth-Flotation of- Indian Coals 


Randal? has investigated the possibility of cleaning Indian coals ty 
the froth-flotation process. A lurge provortion of the mineral matter con- 
tained with Indian coals is very intimately mized with the coal substance 
and for this reason cleaning is difficult by ordinary wasning methods. 
Randall states that "tests at various meshes show that to set free the con- 
stituent bands of Indian coals it is necessary to crush the coals to about 
1/20 inch." For tLe reason just cited, all of the flotation tests were made 
witn coal crushed to pass a 1/20-inch screen, | 


Typical results obtained by Randall in a laboratory flotation machine on 
face samples considered to be representative of run-of-mine coal are shown in 
Table 7, 


Randall's work also showed the ash contents at higher yields of coal. 
At yields of 80 per cent, the froth products increase 3 or 4 per cent over 
the values shown for 60 per cent yields; tne refuse products likewise show 
an increase of from 10 to 20 per cent in ash contents. Nevertheless, the 
ash contents of the refuse products remain rather lor even at comparatively 
high ylelds of frota concentrates, due no doubt to the bony nature of the 
coals that were being treated. 


Table 7.- Froth flotation tests of Indian coking 
| coalse sccordins to Randall 
; Raw coal Wasked coal Refuse 
Description of coal ash,. . “Welent, Weight, Ash, 
; per cent per gent oars cent per cent per cent 
40 


Jharia No. 18 seam 


Jharia ivo. 13 seam 29.3 
Josria No. 16 seam 38.3 
Bokaro, Kargali ea 32.1 
Bokaro, seieets sean— 35.8 
Berakar Raunagar seam 22.6 


1 Gnuesnal’=ivich BIecE. 


Tne bright coal was more friable and had a much lower ash content than 
‘he dull coal. The slack formed in mining was therefore of a higher: grade 
“nan the run-of-mine coal, For this reason Randall. advised the use of pre— 
ferential crushing for the run+of-mine coal. ‘The minus $-inch slack should 
shen be used as the raw material for making coke while the plus #-inch materi: 
Should be used for steam firing, 


ae a aE ee a 
13 Randall, W., Froth Flotation of Indian Coals: Rec. Geol. Survey India, 
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In France and Belgium 


About 180,090 tons of coal were Cleaned. by froth #iotation in France in 
1926. Since that time many other plants have been built both in France and 
in other parts of Europe, and tne yearly production of floated coal therefore 
nag increased accordingly. eee 

At the Noeux colliery in France a plant of 1,000 metric tons (1 metric 
ton is 2,204.6 pounds) capacity per 24-hour day has been built for treatment 
of a heap of washery refuse.+* The material was dug by shovel and sent to tne 
flotation plant by aerial tram. Here it was passed first through a 20-m.,. 
vibrating screen of the Hum-mer type (capacity 60 tons per hour). The over- 
size, which contained more than 75 per cent of ash, was discarded. The re- 
rainder, which already contained 8 per cent of moisture, was pulverized wet 
in a Jeffrey swing-hammer pulverizer (capacity 500 tons per day; another of 
700 tons capacity was being installed). It was then screened wet through a 
2-um. Sieve (which will be replaced by a 2.5-mm. sieve), the larger material 
(over 74 ver cent of ash) being again rejected. The fine material passes 
Frith five times its weight of water to four Minerals Separation, standard 
\-compartment, froth-flotation washers, “each of 250 tons daily capacity (two 
ln use when the article was written). The froth was dewatered from 60 to 15 
ser cent of moisture in two Oliver continuous, yacuum filters, each of 20 
square meters surface. The waste waters were treated in Dorr thickeners: 
the dirt was discarded in the form of a thick.mad with 50 per cent moisture, 
che feed to the flotation cells contained 61.16 per cent ash. The yield of 
recovered coal was 23.3 per cent, and its ash content was 20.28 per cent. 

[fhe process appears to be successful, but the exact cost per ton treated 
"as not been stated. 


Berthelot! gives the flctation results for two plants installed by the 
i(inerals Separation Co. in Belgium. Tables 8 and 9 show the results at these 
‘wO plants which are located at Charleroi and at Bonnier. 


Berthelot gives the cost figure for treating a ton of fine raw coal as 


icout 3 francs or 58 cents. He says that tne installation should pay for 
.tself within a year, . ee 


4 Chataignon, M., La flotation en son application au terril de Noeux: Rev. 
Ind. Min., vol. 4, 1924, p. 361; puevnecr in. Huel and Science and 
Practice, vol. 3, 1924, p. 453, | | 

Pirlot, F., Application of Flotation to- ei Treatment of Coal Schists of 
the Slack of Noeux: Rev. universelle mines, vol. 7, part 4, 1924, 
pp. 97-107, : 
5 See footnote 4. 
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Table 8.- Flotation results at Charleroi, according to 
Berthelot 1/ 


rer cent 
Ash content of the raw slimes ........ 30 
Ash content of tne washed slimes ..... 8 
Ash content of the refuse ....ccccecee 70 
Yieia of washed slimes ...icccccccccves 60 
YVGEi0- Of PelUSe 6:66.60 ene wi dca s.s piaeaue 55 


Moicture efter dewatering .........2.. 16 to 18 


1/ Reagents: Minture of creosote and wood-tar oils, 
809 to 900 grams (1.8 to 2 lbs.) per ton of raw 
coal, 


Table °.- Flotation results at tne Bonnier coal mine, 
according to Berthelot 1 


Per cent 
_Ash content of 0 to 23 mm. of raw coal 30 
Ash content of 0 to <3 mm. of washed 
coal @eecooeenvneeeneeoeaewveevoesevnesvseeeeoeaee eee (as 


-Ash content of middling product ...... 20 
Ash content of middling and concen- 


trate together .r.crcccrcescvcsvscvcce 9 
Ash content of refuse ..cccccccccenecs 76 
Yield of combined middling and con- 

CONUTAUG. 6.44.46 9sseles sess eee ee eas o§ 
Yield. of refuse: i466 diiwisewssawe wesw ss be 


1/ Reagents: 500 grams (1.1 lbs.) gas oil and 100 to 
150 grams (0.22 to 0.33 lbs.) petroleum oil per 
ton of. raw coal. 


- Dutch State Mines 


The froth-flotation process invented by Kleinbentinck, /® the chief 
engineer of the Dutch State mines, is used at many of tne Dutch mines. At the 
Emma mine, six Kleinbentinck units having a total capacity of from 12 to 15 
tons of sludge per hour, treated a raw sludge with 25 per cent ash. From tne 
first unit, a froth containing 8.5 per cent ash was obtained, and from the 
second, a froth containing 7.0 per cent ash. The combined remainder from the 
two units had an ash content of from 36 to 40 per cent. Upon re-treating this 
remainder, a product containing 10 to 12 per: cent ash wes obtained, leaving @ 
refuse with an ash content of 57 per. cent. 


TE REI ei RTI ae OR y uh eR eT RD RE TE ee ee 
16 Chaoman, W. R., and mott, R. a., The Cleaning of Coal: Chapman & Hall 
(Ltd.), London, 1928, p. 431. 
Stavorinus, D., The Purification of Coal by Foam Flotation: Het Gas. 
vol. 45, 1925, pp. 266-270, 
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according to the inventor, the Kleinbentinck process requires 2.7 hp. 
per ton of raw coal treated. The reagent used by the Dutch State mines was 
amizture of one part of napthalene o11 and two parts of anthracene oil, toth 
oils being by-products of tar distillation. One and three-quarters pounds of 
reagent ware required per ton of sludge, 


The Kleinbentinck process, besides being used by the Dutcn State mines, 
nas fomd application in otner parts of Europe. At the Aniche mine, France, 
three sets of Kleinbentinck units, each set having a capacity of 15 tons of 
sludge per hour, were installed, The sets were so arranged that the tailing 
from the first set was rewashed in the second set and the tailing from the 
second set was rewashed in the third set. In this manner tuaree froth products 
rere obtained with ash contents of 7.5, 11.0, and 18 per cent. Exclusive of 
the power required for pumping, 4 hp. per ton was required for tke throughput 
of 15 tons per hour, Reagent consumption was 1.6 to 1.8 pounds per ton of 
sludge treated. In this case a tar-oil distillate boiling between 230° and 
270° C, was used as the reagent, 


In Germany 


Schafer!” describes the introduction of the froth-flotation process into 
ermany for the cleaning of bituminous coal sludges as a utilitarian move. 
sefore the in‘ roduction of the flotation process as much of the high-ash and 
‘igh-sulphur sludges as could possible be used were added directly to the 
‘oking coal. The remainder that could not be utilized satisfactorily was 
‘ent to waste, The froth-flotation process made it possitle to use a mch 
Teater percentage of the sludges rithout materially increasing the eso and 
‘ulphur contents of the coke. As an example, Schafer cites an improvement in 
se cleaning of a coking coal from the Waldenburg district. By the usual 
ashing process, a 56 per cent yield of material 0.5 to 10 millimeters in 
ize with an ash content of 5.5 per cent was obtained. after the flotation 
rocess was introduced as an aid to the washer, the yield was increased to 
8.2 per cent and the ash content remained the same as vefore. In addition, 
t was shown that by saving some of the sligktly higher ash coal, a yield of 
3 per cent could be obtained with a total ash content of 6.5. per cent. An- 


‘cer similar example was cited for a high-volatile coal from the Rhine- 
*stphalian district. 


The first commercial plant using the froth-flotation process for cleaning 
a] in Germany was built at the Mont Cenis coal mine, Wister!® has described 
¢ Grondal and France flotation process which is being used at the Mont Cenis 


' Schafer, O., Treatment of Coal Slimes by Froth—Flotation Process: Stahl 
u. Eisen, vol. 45, 1925, pp. 1-7 and 44-51. rae 
Schranz, H., Coal and Ore-Flotation Methods: Krupp Monatsh., vol. 6, 
1925, pp. 57-64. 
Tuster, R., Die Schwimmaufbereitung von Xohle nach dem Verfahren von 
Gréndall und Franz auf der Zeche Mont Cenis: GluUckauf, Bd. 60, 1924, 
poe 19-233; Chem. Abs., vol. 18, 1924, p. 1188. 
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nine for the treatment of coal sludge. Two grades of coal were produced, one 
for coking and the otier for steaminy. Five tons of sludge were produced fer 
each 125 to 150 tons of coal washed. By using 479 to 480 grans (about 1 
pound) of oil per ton, the cuking coal recovered contained about 7.5 per cent 
of ash, the steam cval about 14.5 of ash, and the refuse 75.8 per cent of ash. 
The yield was 2.27 tons per 5-ton unit, and the ratio of coking coal to steam 
coal was approximately 2 to le The sulphur content decreased from 2.6 per 
cent in the sludge feec to 0.77 per cent in the coking coal; the refuse con- 
teined 4.3 per cent of sulphur. 


The general results obtained at five German flotation plants, as 
recorded by Schdfer, are shown in Teble 10. The first three plants had 10- 
cell, ilinerals Separation type flotation machina, while the fourti plant had 
an 3-cell unit of the same type. -The plant at the Mont Cenis mine has already 
been described as of the Grondal design, 


Table 11 shows the cost figures for the first four plants. The cost 
fic¢ures for the siont Cenis flotation plant are not given. 


Table 19.- Results at German coal flotation plants, 
recorded by Schufor 


Ash in | Ash in Ash in Yield of | Capacity, 
Description raw sludge, jconcentrate,| refuse, | concentrate, tons 
baat | per cent er cent per cent per cent per hour 
awickau, Saxony eceeeces 55-40 8-9 70-75 99-55 12 
dlke, Silesia 1/ ....| 20-23 |. a@-9 | 130-35 45-50 | 35 
Gelsenkirchen, | | 7 ee 
Westphalia ..cccceves 9-19 | 5-6 75-80 92-94 15 
Altenwald, Saar esecco| 22-25 7-8 65-75 70-72 10 
Mont Cenis, Westphalia} 25-30 7.5 75 About 50 5. 


i/ In this case the separation was intentionally made to yield a concentrate 
with an 8 to 9 per cent ash content and a middling product with 30 to 35. 
per cent ash content. | 

2/ In addition a 24 per cent yield of a middling product containing 14.5 per 
cent ash was obtained. 


Table lle- Operating costs of German flotation plants per 
ton of raw coal treated, recorded by Schafer 1/ 


~ Power | Reagents | Wages | Repairs } Total 


Description Marks| Cents | Marks|Cents | Marics |\Cents | Marks|Cents 
Zwickau, Saxony} 0.135 / 3.1 0.10 24 O.05| 1.2 ; C.06; 1.4 | 0.24) 8.1 


(lke, Silesia.| .C3] .7 -10 | 2.4 s21\ 49 sce: #5 217) 4.1 
celsenkirchen, |. a 

Vestphalia ...| .ca}1.o | .10] 2.4 .04| 9 705) 1.2 | .27) 6.4 
Altenwald, Saar} .13/3.1 | °.10 |] 2.4 .06| 1.4 007] 1.7 -36] 8.6 


i/ Exchanzse at’ par value. 
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Schafer also gives the cost of removing the excess water from the concen- 
‘rate containing 50 to 70 per cent moisture by the use of a pressure-type 
"ilter press that removes tne water dow to 18 per cent. Tne cost is about 
).8 mark or 1S cents per ton. In tnis case the cost of removing the excess 
rater from the fine coal is more than twice that for the removal of tue dirt 
t\lone. 


Lucke!? describes the introduction of the froth flotation system for 
sleaning coal as a distinct move toward economy. He states that at a 
ituminous coal washery in the Ruhr district an increase of & per cent in the 
‘otal production of washed coal was brought about by the use of flotation; at 
“as-coal washeries 10 per cent increase, at. Saar and Wurm coal washeries 12 to 
.0 per cent increase, and at Saxon and Silesia coal washeries a total increase 
f 20 per cent or more in yield was recorded, In éastern Germany in the Saar 
ind Warm districts the flotation of coal sludges has been unusually success- 
‘ul, and for this reason the process has a very firm foothold in these 
listricts. 


Lucke describes experimental work conducted by the Central European 
‘lotation Preparation A. G. at the research plant of the Humboldt Machine 
onstruction Co. The Humboldt Co., located at Koln-Kalk, constructs flo- 
vation machines under the patents of Minerals Separation (Ltd.). The ex- 
2erimental work was carried out with a representative sample of a fine high- 
rolatile coal from a coal washkery operating at a mine in the Rubr district, 
(he Washery had a daily capacity of 1,300 tons. Table 12 shows screen and 
ish analyses of the raw coal and the products of the washery which did not 
ise flotation, 


The results indicate that the washing operation is rather effective dow 
(0 the O.5-num. size, but below that size no improvement is shown. For this 
-eason the raw fine coal was screened on a 0.5—mm, screen, and only the 
1aterial which passed the screen was used for flotation testing, Table 13 
so0Ws flotation results on the ‘minus 0,5-mm, coal.. 


Table l2.- Steve and ash analyses of raw ard: weehod fine 
goal from the Runr district 


Raw fine coal. Washed fine coal ine refuse 

Train size, Weight, Ash, | Weight, Ash, Weight, Ash, 
iillimeters per cent per cent per cent per cent per cent per cent 

2 to 8 | 44. 69.38 

1 to 2 | 78.0 12,1 4.7 66.7 
1.5 tol | | "4 69,2 
).3 to 0,5 4.4 14.7 5.6 64.6 

0 to 0.3 17,6 22.6 3 ! 10,3 60.5 

0 to 8 100.0 100.0 8.0 "100.0 | 67.4 


\9 Lucke, M., Higher Yields of Fine Coal by the Use of Flotation: Ztechr. 
Verein deutcner Ing., vol. 73, 1929, pp. 1345-1349. 
Pieters, H. A. J., The Flotation of Coal Sludges: 3renstoff Chen., 
vol, 12, 1931, pp. 325-427. 
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Table 15.- Flotation results on minus 0.5 mm. 
‘fine coal from the Runr district, 


accorcin: to Lucke 


Minus 0.5 nm. raw fine coal ..... 


Flotation concentrete coe c eens eee, 77.8 6.8 
Refuse 5 ieee causheceedee cared Aa | 69.3 


These data show that the flotation process effectively cleans the material 
that’is relatively unimproved by the washing vrocess used at this plant. For 
the washing plant in question it was calculated that the total yield of fine 
coal would be increased by 11.5 per cent, or, on a daily tonnage basis, about 
130 tons of coal or more would be saved, 


An economical Seay of the losses that were occurring at the washing plant 
was also made. By estimating the value of the untreated sludge at 3 marks or 
6€ cents per ton, and the value of the coal that could be saved by flotation 
at 14.5 marks or $3.35 per ton, the value of the two products for a year would 
amount to 117,000 marks or about $27,870 for the untreated sludge and 652,200. 
marks or about $1£5,400 for the floated coal. The operating cost of the flota- 
tion vrocess for a year, judging from the practice in the district, was esti- 
mated at 23,100 marks or about $5,500 (0.51 marks or 12 cents per ton of con- 
centrate produced). The yearly loss that was estimated to be occurring at this 
plant’ was therefore 512,400 marks or about $122,000. Lucke statesthat in 
Germany the average flotation plant, including tne cost for dewatering apparatu: 
will pay for itself in 8 to 12 months of operation. 


This author describes a horizontel-typve centrifugal dryer, which he calls 
@ ranid dewaterer, 28 giving very satisfactor) results with coal sludges. The 
dewaterer, simply described, consists of a horizontal, trommel-type, revolving 
screen into wnich tne coal is delivered.” Centrifugal force causes the water tc 
pass throigh the screen. A spiral scraper within the dewatering screen keeps 
the fine coal continually moving through, the apparatus, The water passing 
through tae dewaterer is sent back to the flotation circuit for reuse. The de- 
waterer works especially well wnen the-floated coal is first mixed with a 
larger size of fine washed coal prior to the dewatering, A mixture of 10 per 
cent of floated coal and 90 per cent of fine coal was reduced in moisture con- 
tent: in this apparatus to 8.8 per cent. This product was then dry enough for 
imnediate coking. : : 


re &@ general rule, tne addition of floated coal to fine washed coal prior 
to coking increases the yield and the strength of the high-temperature coke. 
Table 14 gives results showing the effect of floated coal upon the strength of 
coke, The method of eeating was not given. 
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The normal amount of floated coal that was available for addition to the 
“ine washed coel at the plant where the tests, shown in Table 14, rere made 
ras l2 to 15 per cent. 


Table 14.- Effect of floated coal uvon the strength 
| of coke, recorded by Lucke 


| | Strength, _ 
Description < Ga : kilograms, per 


is uare centimeter 


0ke from washed fine COAL .rcccccrcevvccvasccsesssececencs 124 
Soke from wesicd fine coal plus 5 per cent floated coal ,, 138 
soke from washed fine coal plus 10 per cent floated coal ., 150 
,oke from washed fine coal plus 15 per cent floated coal .. 163 
DOG ETOM. T LORCSC. COGN: 55-65 6 bac. wc ai bo Wis toia ere owe ae Ny ao oaeale een, 220 


Another German euthor states that fine coal (0 to 0.5 mm, size) can be 
cleaned of ash and sulphur very satisfectorily by flotation. 20 The product, 
sowever, Wili contein about 25 per cent water, after filtration, and most of 
toe fusain present in the original cool, Exncriments are described which show 
the feasibility of mixing this product with coarscr coal intended for coke manu- 
Tacture, Certs running 24 to &2 ner cent volatile matter are used in tne tests, 
VolatiJ: matter in floated fines van 2 to 4 per cen: lower than that of the 
coarse coal, mainly because of concentration of fus2in in tne former. This 
jecreased the coking power in some cases but improved it in others. Brduer 
thinks the addition of fines teris to favor cementation of the whole carbon- 
izing mass into a dense hard cu’re, In one case the addition cf 20 per cent of 
J to 0.5 mm. floated coal to the charge increased the stability from 78,3 to 
70.5 per cent and decrenced the porosity from 41 to 39.4 per vent, Practical 
rethods for mixing the fine coal with tne rest of the char;;e are discussed. 
~he resultant mixture sheuld not contain over 9.5 per cen: wate... and mixing 
scould be therough, since segregation of the fines will often caiise weak syots 
in the resultant coke. Gocda practice is to add the fines from tue filter (con- 
taining 20 to 25 per cent water) in a thin stream to the rest of the coal while 
it is being forwarded to the charging wagons on a belt conveyor. 


In the United States and Canada 


In the United States the use of the froth-flotation process for cleaning 
coal has not spread as rapidly as it has in Europe. In fact only a few flota- 
tion plants have been installed for this purpose. <A emeall weshery constructed 
in 1925.at. Snoqualmie, Wash., treated washery sludge by froth flotation with 
satisfactory results; but this plant was operated only at irregular intervals 
c) Brauer, 0., Utilization of Floated Coal in Coke Ovens: Gluckauf, vol. 67, 

1931, pp. 697-662. abstracted by J. D. Davis, Chem. Abs,, vol. 25, 1931, 
Pp. 5749 e 
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because of other unfavorable conditions. Two washeries on Vancouver Island, 
Britisr columbia, neve used the process in the past, one at Nanaimo~~ for 
treating slack, sludge, and picking-table refuse, and the other at Cassidy 
for recovering coal from a high-ash wasilery sludge. 


An experimental laboratory study of the problems encountered in the 
froth flotation of coal, particularly witn reference to the finding of re- 
agents suitable for the depression of pyrite is in progress at the U. S. Bureau 
of Mines, Northwest Experiment Station at Seattle, tfash., in cooperation with 
the College of Mines, University of Washington. The comptlation of the litera- 
ture on froth flotation reported in this Information Circular has: been used as 
a basis for the experimental study. These studies have not been completed and 
have not yet appeared in published form, but the most effective and economical 
depressants of pyrite found so far in the-work are ferrous and ferric sul- 
phates when used in the hydrogen ion concentration range between 4.5 to 6.9. 
After ferric sulphate has once come into contact with pyrite in a coal pulp 
in this range it affords depressive action even if the pulp is then carried 
to the alkaline side of neutrality by the addition of calcium hydroxide or 


In general, depressing reagents for pyrite are greatly hampered in their 
action in the flotation of coal by two factors. These factors are, first, the 
mechanical entrapment of pyrite particles by the enormous number of coal 
particles constantly going upward into the froth, and, second, the amount of 
fine-sized particles cf pyrite that remain suspended in the water that 
accompanies the coal froths. Such detrimental action can be minimized by dilu- 
tion of the pulp prior to flotation or by the recleaning of the coal froths. 


The Pittsburgh Coal Co., Pittsburgh, Pa., has made intensive laboratory 
and plant investigations of the suitability of the froth-flotation process for 
cleaning coal sludge. Their results have not been published, but through the 
courtesy of J. B. Morrow, preparation manager, the following summary of their 
experimental work prepared by Zimmerman, Younkins, and Crawford of the company’ 
preparation department technical staff, has been made availables 


This outline of the seperimental work on the froth flotation of coal con- 
ducted by the Pittsburgh Coal Co. summarizes the laboratory testing of certain 
coals and the investigation of various reagents as to their applicability in 
coal flotation. 


Laboratory procedures were governed according to the usual accepted 
metnods, paying close attention to pulp density, agitation, conditioning, 
reagents and step oiling, water supply, etc. In order to obtain check Reger te) 
tests were run according to a standard set of procedures. 


21 Coal hge, Flotation Plant Will Treat Slack, Sludge, and Picking-Table 
Refuse: Vol, 21,.1922, pp. 365-366, 

e2 Peterson, P, E., Cleaning Vancouver Island Coals by Froth yrotavton 
Process: Coal Age, yoke 21, 1921, pp. 243-244, 


S10 | -~ 20 - 


Google 


1.C..6714 


Although many coals and cleaning plant products were tested by flotation, 
the most important material was the Dorr thickener underflow products from the 
company's three cleaning ‘plants, Champion 1, Champion 4, and Champion 5, This 
product was uncleaned by the regular coal-washing system used in cleaning the 
coarser sizes of coal and was approximately of the right size for flotation 
without any further sizing. Thickener underflow varies in the percentages of 
sizes present and in ash and sulphur contents according to the plant. Champion 
1 has the highest ash and sulphur content and percentage of plus 48-mesh coal. 
Champion: 4 and Champion 5 have lower-ash thickener underflows and comparatively 
little sulphur. Fifty to sixty per cent of the sulphur is organic and sulphate 
sulpmmr and as suck can not be removed vy flotation. The rest is in the form 
of pyrite and marcasite, | 


Particles in thickener underflows larger than 48 mesh were found to inter- 
fere with the flotation of the finer sizes, particularly when the finer sizes 
were extremely high in ash and the plus 48-mesh material low in ash, as is the 
case at all three plants. Much of the minus 200-mesh material is in the form 
of slimes. There is also a high percentage of colloids in the thickener-over- 
flow water used in flotation. Both slimes and colloids interfered with flota- 
tion of thickener underflow, The most effective methods for dealing with these 
impurities were by means of greater pulp dilution, recleaning of concentrates, 
and the use of acid circuits. Sodium silicate showed a tendency to i a 
the slimes but affected recovery and EROB OS By BANE to float. 


Acid circuits were found to give bettarserade concentrates, although 
maximum recovery was reached at a slightly alkaline (7.0 to 7.5 pH) condition. 
At higher pH concentrations the recovery and grade dropped appreciably, 
particularly after 8.5. 


The amount of wolapie: salts and ieaiinity of the water supply varies at 
each of the three plants. Champion 1 water has the lowest amount of soluble 
salts and only slight alkalinity. The water at Champion 4 has an alkalinity of 
160 parts per million and 1,596 parts per million of soluble salts. Champion 5 
is the only plant whose water supply is on the acid side, with 35 parts per 
million of free acid and a soluble salt content midway between that of the other 
two plants. 


None of the plants has water which inhibits flotation. The excessive 
amount of soluble salts at Champion 4 caused a slight retardation to flotation 
of coal but the effect was not as wearly marked as is evident with excessive 
slimes and colloids. 


Sulphur reduction was important only at the Champion 1 plant. Here a 
thickener underflow with 3 per cent sulphur made it essential to remove as 
mach of sulphur as possible. Fifty per cent of the total sulphur content of 
the underflow product at Champion 1 is in the form of organic and sulphate 
sulphur. The remainder is pyrite and marcasite, The depression of pyrite- 
marcasite increases with increase of pH. Depressing reagents recommended for 
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pyrite in coal flotation are lime and iron sulphates. Laminated particles of 
coal and pyrite are difficult to depress. Oxidized pyrite, however, aids in 
the depression of pyrite. 


In the cleaning of coal by froth flotation, mechanical én tresnead of in 
purities, including pyrite, in tre froth was found to be one of the most in 
portant factors in interfering with an efficient separation since 80 to 90 
per cent of the feed is floated. In order to compensate for this at least one 
recleaning of the concentrates is recommended, 


Cresylic acid was found to be the best frothing agent for our purpose al- 
though pine oil and flotation aldol gave good grades of concentrates except 
with respect to sulpnur content. An important factor in choosing a frothing 
agent was the need for a brittle froth. Pennsylvania crude oil, kercsene, 
solar oil, and water-gas tar were found to ve satisfactory collectors in the 
flotation of coal, 


according to snag ME the. clean coal obtained by froth-flotation treat- 
ment of thickener underflow at the paants of the Pittsburgh Coal Co. is de- 
watered to about 21 per cent. “moisture by Oliver, Dorr, and Laughlin type fil- 
ters. The filter cake is further dried to 3 per cent moisture by means of 
rotary neat dryers after mixture with the 0 to 3/8 inch size of washed coal 
discharged from Carpenter centrifvgal dryers. The performance of the heat 
dryers and the size composition of the components of the feed, including the 
flotatioa coal, is shown in Table 15, 


The cost of heat-drying the fine coal (0 to 3/8 inch) at this plant, 
which amounts to about 14 per cent of the washer feed, is <iven by Parmley as 
7 cents per ton of dry coal. This figure represents operating costs and 
supplies only and does not include depreciation and overhead charges. The 
power and fuel required in the drying plant are given as 1.60 kw.-hr. and 
1S pounds, respectively, per ton of coal dried. . 


23 Parmley, S. M,, Heat Drying of Washed Coal: Trans. Am. Inst. Min. and 
Met. Eng., Coal Division, vol. 94, 1931, pp. 336-350. 
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Table 15.- Coal fed to three heat dryers, according 


to Parmley 

anna Composite Discharge 

dryer product, | Filter |feed to heat| from three 

O by 3/8 inch product dryer | — cyclones 
[Tons per hour ....sceccseee 100 to 120 20 to 251 120 to 145 on) 
joisture in feed, per cent 6.5 to 8.5 21 7.5 to 9.5 ~ 
foisture in discharge, per _ _ | 
CONG ingualawuienees satan _— -- 3.0 1.5 


on 5/8 inch round ........ 
14 mesh 1/ ..cecseccece 
48 mesh eCeooeeecvnereeseee 
100 MOSH -ssidswes ew ssiews 
COQ MCSD 56s ns ebb aced SS 
-200 mesh .....cccccccece 


Elmore Vacuum Process 


states that one of the outstanding recent developments in the 
wet cleaning of coal is the introduction of the Elmore vacuun-flotation process, 
formerly used in ore flotation. The ordinary type of flotation machine re- 
quires a large amount of power for the violent agitation needed. The rather 
stable froths produced by these machines are difficult to. break down and to 
jewater. The Elmore process, according to this author, eliminates these major 
jisadvantages of the mechanical process by cperew ne under a vacuum without 
agitation. ' : 

In the Elmore process the raw coal (under 1/8 ene is mixed with about 
8ix times its weight of water together with a small amount of suitable re- 
agents. The feed is then delivered into the frothing chamber through a conical 
barometric leg. The feed pipe gradually increases in diameter toward: the 
frothing chamber to allow for the free expansion of the pulp caused by the low 
pressure in the frothing chamber. The pressure in the main body of the 
apoaratus is 24 to 27 inches of mercury below atmofpheric. The reduced pressure 
causes the formation of air bubbles from three general sources: Firat, air 
dissolved in the water; second, air released from the structure of the coal 
carticle: third, air attached to the oiled-coal particles during the mixing. 
The general result is a floating of the coal particles upward into an overflow 
Pipe, where they are removed, while at the same time the refuse particles are 


a ee as te wns ne eg er a ee 
o4 Chapman, W. R., Recent Progress in Coal-Cleaning Practice in Great Britain: 
Proc, Third Internat. Conf, Bit. Coal, vol, 2, 1951, pp. 741-758, 
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left behind and are separately removed by a pipe attached to the bottom of 
the vacuum chamber. The two outlet pipes (over 30 ft. in height) carry their 
separate vroducts out of tne flotation chamber to atmospheric pressure. The 

°roth from the vacuum process collapses immediately upon leaving the vacuum 
chamber and by natural drainage the coal below 1/8-inch in size can be re- 
cuced to l2 per cent moisture in two hours, This is considered to be about 
half the normal amount usually retained by minus 1/8-inch coal. The power 
requirements for’ the operation of the process are very low. 


Chapman does not describe a comiercial viaat efploying the Elmore 
process but states that the process has been shown, on a comercial scale, 


to give better results than norual present practice. Table 16 shows 
experimental results obtained with this process. ae 


Table 16.- Purification of fine coal in erimental vacuum 
flotation plant, according tQ Chapman 1/ 


Ash, ner cent 


__Description Refuse 
Scotca slurry ...c..cccece 15.4 08.9 
Kent coal @eeesceeoed08088 60080060 080.8 8.8 56.0 


1/ Chapman, W. R., and Mott, R. A., The Cleaning of Coal: Chapman 
and Hall (Ltd.), London, 1928, p. 436. 


Some Recent Comments 


As an example of the remarkable results that can be obtained by the 
froth-flotation process, Chapman © ig quoted as follows: "At a colliery in 
the north of England coal is being cleaned by froth flotation and coked, and 
the cleaning is so effective that the coke is sold under guarantee with not 
more than 1 per-cent of ash." 


Berthelot©° states: "Two large plants, the Randolf Colliery and the 

Dumbreck Colliery, use flotation coal for making supercoke containing only 
1.5 per cent ash, which is used for aoe: ele acl of electrodes." 

| Giisimuan curther states that the. use ‘of the. flotation. process for sieenie 
coal has been held back for two main reasons:. Firet, the ordinary type of 
machine requires a large amount of power for operation; second, coal froths ars 
difficult to dewater. He claims, however, that since the process is the only 
positive method for cleaning coal sludges, it 1s again coming into prominence 
for cleaning coal in Great Britain. He also predicts that the recent develop- 
ment of the Elmore vacuum-flotation process will eliminate most of the previou: 
difficulties encountered witn the ordinary type of flotation machine. 


25 See footnote 24, 
26 Berthelot, C., Modern Methods of Washing Coal, Especially Fine Coal: Froc 
Third Internat. Conf. Bit. Coal, vol. 2, 1931, Pe 761, - 
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TRENT PROCESS 


Experimental Investigation and Principle of the Process 


The Trent process, invented by Walter HE. Trent, makes use of the selective 


vetting of coal by oil and of mineral matter by water. The raw fine coal 
‘through 100 mesh or finer) is suspended in water and then mixed with oil 
mounting to 30 or 40 per cent of the'coal, The coal particles form with 
he oil @ pasty agglomerate that sinks to tne bottom while most of tne re- 
‘use material remains suspended in the water. The coal mixture may tuen be 
‘emoved. The agglomerate, called an amalgam, retains 8 to 12 per oe. | 
10isture. | — | ye 


The United States Bureau. of Mixes has studied the sesen tiveness of the 
rent apr Ocete in reducing the ash and sulphur ‘content of coal on a laboratory 
scale’? and the results of estructiys. distillation of the coal-oil mixture 
roduced by this method of treatment, <8 The study of the effectiveness of 
‘he process in reducing the ash and sulphur contént of coal. was conducted by 
errott and Kinney, whose report should-be consulted. _Tabie 17 following 
summarizes their results, 


Table 17 shows that in many cases the Trent process causes a very 
sffective seperation of dirt from coal. When the amalgams are carbonized 
it a high temperature, exceedingly large amounts of a high-zrade zas are 
roduced and, in many instances, a firn coke product is tormed even when 
ioncoking coals are used. 


7? Perrott, G. St. J., and Kinney, S. P., Laboratory Studies of the Trent 
Process: Revt, of Investigations 2263, Bureau of Mines, July, 1921, 
18 pp. Reprinted in Chem.and Met. Ing., vol. 20, 1921, op, 182-128, 
and Coal Age, vol. 20, 1921, pp. 132-134, 172-175. See also Haanel, 
B. F., Trent Process for Purifying Coal High in Ash: Canada Dept. 
Mines, Summary Rept. 574, 1920, pp. 43-44, 

8 Davis, J. D., Place, P. b., and Scott, G. S., Destractive Distillation 
of Mixtures of O11 and Coal: Rept. of Investigations 2301, Bureau of 
Mines, December, 1921, Reprinted in Chem. ard Met. Ime., vol. <5, 
1921, pp. 1131-1136. 

Davis, J. D., and Coleman, C. EB, tow-Tamperature Distillation of 
Amalgams of Noncoking Coal and Asphaltic Oils: Rept. of Investigations 
2312, Bureau of Mines, January, 1922. Reprinted in Chem. and Met. Ing., 
vol, 26, 1922, p. 173. 

Davis, J. D., Distillation Gases Yielded by Trent Malena and Ethylene 
Found Therein as a Source of Alcohol: Rept. of Investigations 2415, 
Bureau of Mines, November, 1°22, : 
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Commercial Apvlication 


The Trent process may be said to have had only a limited commercial 
application. According to Davidson, <? in January, 1925, five plants vere 
manufacturing under Trent vatents in tre United States and one in France. 
Because of the high cost of manufacture and because of tie increased com- 
petition in the market caused by otner types of fuels, many of the plants 
cave since closed. The Toledo plant, described by Davidson, in a period of 
eight months produced some 35,0900 tons of bulk amalgam. Tnis plant operated 
successfully for a period of several years, From 85 cents to $1 screenings 
the plant manufactured bulk amalgam at a cost of $6 per ton. ‘The freight 
charges were lo for the raw material tut exceedinely high for the firisred 
orcduct. Amalgam manufactured at Toledo, Ohio, for $6 per ton, when shipped 
to Detroit, Mich., covld be sold for no less than $11 to $13 per ton. In 
order to make tne product more adaptable for home use many attempts have been 
made to put tiie bulk amalgam into the form of clean attractive oil-proof 
oackages, but because of the high cost of manufacture and the failure of the 
sublic to adopt the new type of fuel, the process has not been entirely 
successful from a commerical standpoint. 


COMPARISON OF THE FROTH-FLOTATION aND TRENT PROCESSES 


A ilrect comparison of the froth-flotation process with the Trent 
srocess when both are applied to the Pacific Northwest coals has been made 
oy the Bureau of Mines at Seattle, by halston, © Table 18 gives the average 
results obtained by the two metiods when the same coal is treated. <All of 
she coals tested were from the State of Washington and were rather higb in 
inherent ash. Of the five coals tested, two were subdbdituminois, two bituminous, 
ind one semiénthracite. Ralston's work is so well sunmariz¢ed in the conclu- 
sions of this paper tnat they are quoted here in part as follows: 


Table 18.— Comparison of work done by Trent and froth-flota- 
t 


ion processes, according to Ralston,= per cent 

Flotation, 
AW 65 mesn 
‘oal Concen- Recov- Goncen- Recov- 
$0 ‘lezate ash e / trate ash ery 2 trate ash ery © 
5.3 99.0 13.8 90.4 
‘0.8 98.0 | 15.5 80.0 
‘6.5 96.0 | 18.4 $0.0 
4.8 98,5. 18.8 $6.0 
3.7 9S .0 10.7 97.0 
/ All figures on molatdre=free paeta. 
| Recovery of combustible material. 
39 Davidson, E. W., Toledo Flant Makes Trent Amalgam Better Known: Coal Age, 


vol. Bae 1925, PP 139-142. 
Dacy, G. H., Plastic Fuel Can be Made of Low-Grade Coal and Oil and Can be 
Coked Even if Noncoking Coal is Used: Coal Age, vol. 21, 1922, pp.953-956, 
Kneeland, F. H., Plant in Newark Makes Briquets by Trent Process: Coal Age, 
vol. 26, 1$24, p. 715. 
O Ralston, 0. C., Comparison of Froth with Trent Process: Coal Age, vol. 22, 
1922, pp. S$11-914. 
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1. Froth flotation and the Trent process, when applied to 
tre cleaning of various coals ground to pass a 65-mesh sieve for 
tLe purpose of vorevering a low-ash fuel, gave very similar results 
under conditions waich were most favorable to the froth-flotation 
wor, and somewhat unfavorable to the Trent work, 


2. Under these conditions the grades of concentrate made by 
the two processes were almost identical for all kinds. of coals 
tested, with a slight adventage in favor of the Trent process 
ynen heavy oils were used. 


3. The extractions of combustible matter are higher in the 
Trent process, the differences teing slight for semianthracite 
and coking bituminous, but up to 5 or 10 per cent for the lower 
grades of coal. 


4. Tne Trent process carries the bony coal into the "clean" 
coal product, whereas it is nossible by froth flotation to carry 
the cleanest coal into a first concentrate and the bony coal can 
then be taken off in a second concentrate, which can be segregated, 
if desired. For this reason the froth-flotation process is the 
more flexible of tho two. 


SUMMARY _ 


The use of the froth-flotation process has increased the yield and quality 
of the marketable coal products in all of the plants that have been described. 
The total plant yields save been increased as much as 3 to 2d per cent. In 
the cases where tue process Las been applied to the cleaning of fine coking 
coal, tie resulting coke has been considerably improved with regard to 
strength, ask content, and, in many instances, sulphur content. 


The reagents that have been used at the many different coal flotation 
installations vary to a considerable extent. Those plants tiat were located 
near a by-product coking installetion generally made use of coal-tar deriva- 
tives such as creosote oil, cresylic acid, tar-oil distillates, and napthalene 
or anthracene olls as reagents. Other plants employed sucn products as gas 
oil, petroleum oil, and wood-tar distillates. The reagent consumption usual- - 
ly amounted to from 1 to 2 pounds per ton of dry raw coal. 


The feed to tke coal-flotation plants described usually contains 20 to 
25 per cent solids. Two products, a clean coal froth and a tailing or refuse 
product usually are made. The coal frotns from the flotation machines contain 
©! to 72 per cent moisture. The tailings from tne flotation plants usually 
contain only a small amount of good coal and therefore generally are sent to 
waste. ge oe Mie 
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Many European flotation-plant operators consider the problem of dewater- 
ing flotation concentrates as one of the major disadvantages of the vrocess,. 
At the various plants many methods have been used to dewater the froths, One 
of the simple methods that has been used has been the pouring of the froth 
concentrate onto coarser coal contained in a@ slow-moving drainage conveyor... 
The moisture content of the mixture was reduced in this way to 18 per cent,. 
The revolving-drum filter Las been used to dewater coal-flotation concentrate 
at a number of plants. <According to the literature on the subject, the method 
is rather expensive but more positive in its action than the simple draining 
nethod. ‘The minus 1/10-inch froth concentrate can be dewatered by this 
nethod to 15 or <O per cent moisture. If this material then is mixed with a 
considerable amomt of the through 4-inch coal (1 part of froth to 10 parts. 
of 4-inch coal), the resulting product will contain about 8 to 10 per cent 
noisture and is suitable for coking purposes. The centrifugal dryer has been 
ised successfully in Germany for dewatering mixtures of coal froths with 
>oarser coal, This process gave results somewhat similar to those obtained 
Frith the revolving-drum filter. Other methods of dewatering tne froth con- 
sentrates have been tried, but, regardless of the method tnat.hes been used, 
Lt seems to be a weli-recognized fact that the cost of removing the excess 
rater from the clean coal concentrates is a large item of expense. In 
several cases the cost of dewatering the concentrates has equaled or ezceeded 
the cost of the main process itself. 


It is difficult to summarize the cost items at the various European plants, 
lue to differences in the manner of presentation of cost data; positive de- 
ratering costs may or may not be included. However, from the information 
ivailacle it may be estimated that the operating cost of a vlant which includes 
sost of power, labor, reagents, repairs, and similar small items, is about 10 
50 25 cents per ton. If the cost of depreciation, interest on investment, and 
“oyalty charges is included, the cost may amount to as much as 50 or 60 cents 
er ton of raw coal treated. 
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PATHNTS FERRTAILING TO CoaL FLOTATION 
United States 


1,329,493 — Bacon, R. F. Flotation of coal. Feb. 3, 1920. a ete 

1,358,868 - Jones, F. B., and Bury, E. Froth flotation, Aug. 30, 1921, 

1,418,547 - Edser, E., Suliman, HE. L., and Jones, F. B;. (Assignors toe’ * 
Minerals Separation North American Corporation.) Treatment - 
of materials containing coal, Juhe 6, 1922, | - 

1,499,872 - Price, 7. G (Assignor to Minerals Separation North American 
Corvor-tion), Treatment of coal. July 1, 1924. 

1,539,746 ~ Kleinbentinck, J. W. Means for refining coal slimes or the 
like. flay 36, 1925. - 

1,551,956 —- Bates, L. T. Separating ash-forming constituents from coal by 
flotation. Sept. 1, 1925, 

1,578,274 ~ Zldred, B. E., and Graham, kh. N. Flotation separation of coal 
and ash or similar material. March 30, 1926, - 

1,995,745 - Truran, #. Concentrating coal-bearing material by repeated 
froth flotation, Aug. 10, 1926, 

1,695,849 — Stenning, W. W. Concentrating coal by froth flotation. Jan. 
10, 19268, 

1,706,281 - Elmore, F. E. Vacuum system of flotation separation of coal, 
ores, etc. March 19, 1929. 

1,707,429-30 —- Chemische Fabrik in Billwarder (formerly Hell et Sthamer 
A.-G.). Extraction of clay. April 2, 1929. 

1,758,756 —- Morgan, H. Apparatus for flotation-separation testing of 
coal mixed with slate. May 13, 15930, 

1,787,938 — Hisele, J., Griessvacn, R., and Hevch, C. (to I. G. Farbenind 
a.-G.). Froth flotation of pulps sacn as those of coals or 
sandy pyrites. Jan. 6, 1931. 


British 


159,285 —- Edser, E., Sulman, H. L., and Jones, F. B, Recovering coal. 
Nov. ©0, 1519, 

186,143 —- Price, F. G., and Minerals Separation (Ltd.). Flotation of 

' coal, June 20, 1921. 

193,466 - Stenning, W. W., Williams, P. T., Beasley, W. H., and Middleton, 
A. B. Treating coal. Nov. 18, 1921. 

199,755 —- Eldred, B. E. Separating materials. Jan. 5, 1922, 

208,226 - Williams, P. T., and Minerals Separation (Ltd.), Concentrating 
coal, etc. Sept. 13, 1¢2e2, 

215,615 —- Withers, J. S., Froth-flotation apparatus for concentrating 
ores, coeé&l slimes, etc. June 18, 1923. 

218,012 - Minerals Separation (Ltd.). Mineral flotation separation. 
March 29, 1923. 

253,618 - Minerals Separation (Ltd. eo Froth-flotation machine for coal, 
ores, etc. 1925. 
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Elmore, F. E. Vacuum-flotation apparatus for concentrating coal, 
ores, etc. July 16, 1926. 

Chemische Fabrik in billwdrder (vorm. Hell & Sthamer A.-G,) and 
Kuhlwein, +. L. Flotation sep»ration of coal from clay or 
other impurities. March 5, 1927, 

Schafer, W., and Erz u. Kohle Flotation G.m.b.H. Flotation of 
coal, graphite, ores, etc. May 4, 1927. 

I. G. Farbenind A.-G. Concentrating ores, coal, etc., by flo- 
tation. Aug. 19, 1927, 

Combined Metals Reduction Co, Removing resins from coal by 
froth flotation. Aug. 22, 19350. 


Russian 
Sleptzov, BE. P. Method for sorting coal by flotation. February, 
1928, 
French 
Schafer, W., and Erz u, Kohle Flotation. G.m.b.H. Flotation 
process. Feb. 20, 1928. 
German 
Minerals Separation (Ltd.). Refining coal. July 9, 1920, 
Minerals Separation (Ltc.). Froth flotation machine for coal, 
ores, etc. Fed. 5, 1926. 
Dutch 
Vereenigde Kolenmaatschappi Jen (Ter Voortjetting der 
Steenkolenzaken, Gedreven door de N. V. Furness, 


‘Kdenmaatschappij). Flotation apparatus for working up 
coal slimes, April, 1923, 
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